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(54) SEMICONDUCTOR LASER DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a product having a 
structure for confining a light in a direction parallel to an 
active layer, a low reflective index of mirrors as a resonator 
and low threshold current of laser oscillation. 

SOLUTION: Such a GaN compd. semiconductor laser 
device as a device having a substrate 112 and laminate 
structure on this substrate. The laminate structure 150 has 
an ' n g Ga 1 z -N active layer 115 (02Z21) formed on a first 

region, a pair of n-type AUBa.^ x N ctad layer 114 (02x21) 

and p-type Al y Ga 1 y N clad layer 116 formed at both sides 

of the active layer 115, and p-type Al y Ga 1 y N clad layer 

118 (02y2l). It also has an AAjSa^JN (02u21) current 

restriction structure 117 having an opening 180 
corresponding to the first region for restricting the current 
to this region. 
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1 1 2fc» K*R1 1 2±fc»tt&ftjfc«Jl«j8tt:l 5 

$ot, &mmmm» lsout, < t*» 1 ffttc 

JM^fcInjGa^NfSttll 15 (O^z^l) 
k» KSttJf 1 1 SfcSMJ-ttCnSSAljjGa^Nir 
7 5i HJB1 1 4 (0^x< 1) StfpSUlyGa^y 
N^7^K11 1 6, 118 (0£y£l) £u Al u 
G ai . u N (O^uSl) *6»j«$ftT*J»>, ««E* 
B£ l fcA&o&Sg l SB*t»jffi;-r*«SP 

Ol 8 Oft*-r««%»¥«Sl 1 7££(i;lT^£. 
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[4«MlMi©«HJ 

immnn m&t. Ra«LtKifttt&nfc«B*ifi 
RBB«i&tttt< 

< 1 *ttfc»riteftfc I n t Oa H NSttt 
(0<z^l) i:> 

(O^x^ 1) SVpSAlyGa^yN^^iy KB (0 

A 1 U G aj_ u N (Ogu^l) 4>y^Wlii)s « 
&$R»l«ttfc»**-«&»©R»l 

•> AJ!Wb***iJW*U — !f«B. 

U |JEpfflAl y Oa 1 . y N^7y KB©+fcJfcJB&S*l 

§t*« i fcE«©sfl;#y 

[19**3] fi3IB«3E3&sp££tt* nIAl ul Ga 
1-ulNJi (O^uUl) hpiAl^Ga^Nl 

(0gu2Sl) fcfc^T*s!K gu!2nMAl x Ga 
i^N^^y KBi:ilMBpS!Al y Ga 1 _ y N*5y KB 

inIAl x Ga H N^7^ KJfli> RSSiEJfcsgflfjg© 

y 5?©±£JBj«SftTlr^ 19*11 1 C'13«©Sfb # u 
»> a i> — «f SB. 

[I9*JR4] lfflE«%2feV£&l±, nSO«St4<£* 
U ffilffipSAlyGai-yN^^f KB©±fcff2fifc£tt 

RpfiAlyGa^N*?* KB fix R*8iElfc*g8lii© 

iyli, WEuJ:!)'J*Sl\ »#5llKE«©S<b#y 

* a i" — y sc. 

ja * nx v ^ * §9*31 2 g fc it 4 \z tzmomitii y •> ajr 

fc£*J¥*f*l'-1flBB. 

[§9*J16] SufBSffitt, nSSiCCioTJBJ** 
nT*D, R»«©»ElC, nlAlNA-^?-!^ 

j* * nr i > 5 , it **i i a* e> 5 © i ^ r n *» t rib ©§ 
{t#y *AS<b**biM«*i/-!f«B. 

[§9*il 7 ] SliI3S^OS@tt, (0 0 0 1) H*>£> 
Bl©ft«T[l 1-2 0]*iSJfc«8LT^i. 19** 

6 Kt3«©gfb#'; »A*<b^«**»u— y«B. 

[i9*H 8 ] msm 1 ©Sgtt, «J 3 JS*» 6 1 2 «* 

T-x-ife ?n t9*ii 7 £E«©a<b# y ti*ih(b&to*m 

*U— tf«B. 

[§9*il9] ffilE££tt. Al 2 0 3 l:J;7tM?n 
T*0, R£tE©£BC:< GaNMy77-Jf #Jf*fi££ 



i>ASWb£***f*u-if«B. 
[!9*I110] ffjEpSSAlyGa^yN*?* KB© 
It, P I3>^^ hJf #ff$15Jc£ftTV>2N 19*111 A 1 

e> 9©wr iifrciBBfflafbaf y »A3R<b^«B*«#u 

— tfKB. 

[19*1111] WEpS3>**Htt. pSIGaN 
5pSGaN3>^^ hJf ££^A,T-U£x f9*H 1 0 

cfB«©aft3tf y ^AiFjb^*^*^— «f«Bo 

[19*11 1 2 ] AilE?£&B& 'J>fe < i:* 1 ^© In 
jGa^aNI^ffPl (Ogagl) RS?#Fif 
©HKJ&fifcSftfc I n b G a i-fcN-rt y 7J1 ( 0 ^ b < a 
£1) i:*£A/tt*4* f9*ill*>e>l lc^rn^i- 
!3«oa<b3tf y ^AjR^b^****!/— tf»B. 

[§9*J113] as«k, R»ffi±K:lB!lt6nfe««« 
jif* i: fctftit fcSfbjtf y O ASfb^i^^ft u -if (KB 

m 1 fiWLRViB 2 fflttfctt U 

'J>& < fc&RIS 1 flWtKJfcfiSSftfc I n z G a x-jNtStt 
B (0£.z£ 1) i:> 

(0 5xg 1) MpIA lyGaj.yN^^ y KB 
(OgyS 1) i:^ 

nm&tzm 1 1 »*c**jft-r 

R^ 1 ««<0*»JB«f *tt, R^ 2 HR«©*aJB«f* J: 
jT^k(Og©ffiItt, 0. 0 0 3~0. 02gfiT-fe 

Bfc#y*A*{b'&»**f*v-'!fS*B. 

tU tufBpSA lyGa^yN^^ v HgcOtfCffM^ 
fLTV^S, §9*11 1 3 te«0B{b*y «>A3R{b-&«D* 

[W*5I153 aW3««tSfeV«JiJ±^ nIAl ul Ga 
1-ulNB (Ogulgl) fcpSAl u2 Ga 1 _ U 2NjS 

(0<u2^1) kft^"?f*J!3, SuI3nMAl x Ga 
H N^7^ HBklWEpl!Al y Ga 1 . y N^9ry H» 

KnlAl x 0a H N^75» HJBtts R««E»*«it© 

BBPfflrtt(aar*y y^s#u tutsrSttJiii, »y 
•^c±t:M^nti^, if*in 3tris«©a{b^" 
y «>A«<b^»*«»b-if»B. 

.*U bIjIBpSA lyGaj-yN^T y KS©±lCflM£ 

RpSAlyGaj-yN^^iy HJBtt, RttdEtKVffiiS© 
RlP8SrtK(4B-r*y 19*111 3{3IB3S 

©Bfbitf y ->A^<b^#^f*u— y«B. 
[I9*imi7] mi2«a[»*«it©a«f*tt, lwiap 
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SAlyGai-yN*?.* FJf©I£««g«j£©&flPStf 
rtlz&S-rSgf5^©S*T^«t t>'J^<<\ 111*91 1 4 C|3 

[if*9I18j ]?tjiB«^&^«&©S#T4*i:iiut3rStt 
S©S#T2£i:©M©iESIi, 0. 0 0 3~0. 0 2§fi 
T^S, lf*9l 1 5 fZlBfcCDm** 1 ; «>A3R<b^»*5? 

[111*911 9] t3te*»»WII3S©JB*r*UU WIB'J 

•j>£>gf3©pSA lyGa-j.yN^y FJS©S#r4s<fc &'J* 

(Dft&m?-%Zttnfre>Mf3.£tiT^2>. iff *9l 1 4 

[W*9I2 1J «rE«S!t««»iitt, Alc.Gaj^N 
(O^c^ 1) lZ£r>TB!&ZnX^Z>, If*9tl3*> 

5> 1 6©v^-rniPi3iB«oa<b* -, j 

U— !f SEC 

[M *9l 2 2 ] iNIBttS!EK4tifttttt» I n d G a H N 

(ogd^i) t.fc-3-c»j«3tvt^*, i»*ai4« 

fctt 1 6 Cffi«©S<b:tf •> 2»JR{b£»**f*U-— tTSt 

So 

[§f*9I2 3] ffiffi&mt, S i CCfc-aTJ&fiRSft 
T*J),.K»R©RBt*x (00 0 1) 8*6^1©^ 
1-2 0]*l4C«flLTV^S, »«S113*»6 

2 2'ov^rix*»tiB*©a<bj!fy £A»<b64iMM«M*u 
-■rata. 

[ii*9!24] miBJRKDAA^ flS'*^ 1 2'* 
T"t-fc-5, ff*9! 2 3 CI3«©Sfb;tf y •> i»*Wb*»* 

[llf*9( 2 5 ] ftjS§§J£ffi©'J>& < £ - Afi 

«a©4£ffllfcffifi-f4JP#©Al 2 C>3BU:x ftStt 
5© 4 £•© rCffliSr 4ff 3©T i 0 2 jyt£: Ci^T* 

er*9i i 2 4©n-rft*»£tB*©afb;tf y <>i»»fb 

[111*912 6] ttJSf§^®©4>&< i: #SJS 
rSfi©4^©lHffl^-r^JP?©Al 2 0 3 SMh> 
S© 4 #© 1 Cffigr ZBi<<D4r<( > KMi: 
T«*#n*2JB*i&* 1 , '>^<i:tlo)fM?nT^ 

•s, it*si*»f>2 4©^rn3& s (3iB®©afbA*uii7^ 

[11*91 2 7 ] mifiisSi® < i: AtS 
tt£t<Z>4£(Z>lfc:4e£-*-Sj*$(Z>Si02flt&« *ffiaK 
Jl©4#© 1 C«Sr5**OT i 0 2 «i:K: i-aTfll 

jEi£$ns2s«iiAs, 'M<fct,ioM$nti>5, 
n*9i i *>e> 2 4©v>rn*»{3iB«c©s<b** 1 ; 

[1**91 2 8 ] ft}H§JSB©'>^ < t ft£ 



«so 4^0 1 cifaatsi? os i o 2 it, 

^©4^-© l £«£■*-**£©#■***> Kfltfcfci-a 

5, lf*9l l 2 4©i>m* i {cfBfii©Mfb**U r>A 
*fb£tt**tt i' — y »«. 

[111*912 9 J «rtBA'l 2 0 3 l)iaVTi02«tt» ^ 
^ y * C £ t> ffjfig $ ft T v > S tS*SI 2 51: IB«© Mi b #* 
U ">AJRfb*»**f*b-if*tiB. 

[§§*9I 3 0] milB S i 0 2 fllRlW "V^B > K« 
ttx ^yts/*CJ:5JB**ixT^5»*9i2 8£K«© 

afb # u * a £fls£**iiw* u — 

[»*9I3 1] B5Kpffi3>^^ hJB©±t, P t S 

fc li p d c j: -a TffM £ nx i > 5 p mmmtm\f & nt 

1^3, M*9I1 0*fcttl HcH3«©S{b#'Jf AJRfb 

[K*9i3 2 3 mmvsizy?? hmtpmmmt<D 

fSlz, Nim&&tiLHtiX^&* W*9I 3 1 fcKtt©3 

^b*">; »>A«{b^«i#*»^— 

[0 0 0 1] 
[0 0 0 2] 

©MvS^bA s ii«)6)n-r^S. IS, CDCtt, 5$^7 
80nm (^) i«t'Mt5GaA4.Asi|ii|«;b 
-if«M* s ffl^e>nT^So CD i t)iB^S©KvD 
YDCtt, iS*6 5 0nm (^g) «f^)ISt5 I n 
G a A 1 P *«WtU— !f*ll*»fflV^ ^ntV^So D VD 

» feft^T- Mt5 u — y*« £>S t- % o w 
©i-Sa^iiffl/— tT««SI?aTf S4**«*f#4i: b 

t, afb^u^AjRfb^tt^flffttfaaftsvTi^s. 
[0003] eii 8£#ssb&#£, tse^oafb^u^ 

AJRfb«4»*ilH*«3ttJR? (#58^7 - 1 6 2 0 3 8^ 

[0004] sr, 1 6 o±\z s 

.Sftffllftll^ (MOVPEg) Kit), 5 0 0'CfTM 
G (bU^^l/ifiJ^A) SVNH 3 fettt&U GaN 
1161 SffiiSSSr 1 0 0 O'Cir 

StSLfc^, TMA ( h >) JUT Jl> tSi 
H 4 *mamH&l„ nSAlGaN^5 

y h'l 1 6 2 &lt«t-S. mz, StSI&JSft 7 0 0*C(; 
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P$iSb&&, TMI (h >5>*J0 s TMG 

£U?NH 3 £«!£U I n G a NfSt4Jf 16 3 
*4. SV»8ffl*« 1 0 0 0'C£T-£#i£ 

U TMA, TMG, Cp 2 Mg 

2WfNH 3 S«J&U pSAlGaN 

[0 0 0 5]*C, nSGaNS 1 6 lO-SP^StB-T 
5^f, nSGaNl 16 1, nSA lGaN^7^ K 
116 2, InGaNStt§163, MplAlGa 

gtC, — giSgtHLT^anSGaNJf 1 6 l±£nfl!l 
fUffl 6 pSAlGaN^7'y K« 1 6 4 

ICpflltSil 6 6SJBJ*-r4o 
[0 0 0 6] 

UJ: -5 4: ■*-*»») ±B3tS6*ffl*3lfi*? 
tt, H (LED) ayt^-ftf-H 

#fcBb&i&s«HBft#L-*n©T?» i/-'lf«fi* 

*T*tfW2. 8T-fc£©T-, afb#u 
<£VMi£jp-f. Z<Dtztb, U— tr«Jfi©U3<rMI*«Ett 
[0 0 0 7] *ftBti, ±f3*«K«*T«s**ifc*© 

[0 0 0 8] 

[»«*»»r «&»©*«] 

A3R<b*«**#l/-.'!f*«l4» R*«±fcl9: 

tte>nfc«/fjgji<*££ii*fc^b#'; *A&{b^>* 
*#v-tf«-c*9T, RStffittattii* >J>tt<k.* 
.JIltlttCJg/Sarftfcl^Gaj-jNSttJI (Ogzg 
1) fc» tt«$«*&tr-»©nSAl jt Gai_ x N*5 
v H* (Ogx^ 1) SlfpfflAlyOa^N*?-* Y 
M (OSygl) 4:, Al u Ga!_ u N (OSuSD * 
6MSftT*6, «**RJSl«*KiK*r*fc«>© 

[0 0 0 9] $«XffiJ&<B-?tt, ffirgSttftHKWff&tt, 
■©^KJBfiJtSftTH*. ' 

[0 0 1 0J &*3ffiJ£!B-?tt« BuIBS^^fifjitt, 
nSAl^Ga^Nl (OSulSl) i:pSAl u2 
Ga^NJf (0^u2^1) miiBn 
MA l x Ga!_ x N^77 * KJHfcffiffi.pfflA lyGaj-yN 



>5» |«Jii:'(OlHItJBfiJ*nT*t), inSAl x Ga 
l_ x N^7^ KJfti, R«SS»*«ifi©l»a»i*it=(a« 
««;yy**U SuIBrSttJiti, R'J yy©±K?fcfiR 

[0 0 11] $>%mfi&fc!gX-lt. fflffi*«t»5V«iitt> 
nSi©i»«tt4*U ftuIBpSA lyGaj.yN^^ u/ H 
*©±£©J5fcSft"CJ3>), RpSlA lyGaj.yN^ v y 

[0 0 12] feiSUfiJBffi-Ptt, ffl8B*«afc*Pfllifitts 

Z n0lZ«t^TJfM^n-C^5„ 
[0 0 13] &3HS«sT-<£, sufBSffite, niSi 
Cil,£oTffM£ftT:fc!K ISSISOaffitl, nlA 1 

[0014] $>z$mfcMT-&. itiB»}S©3i®(i, 
(0 0 0 1) lhb»6»l©£«T[l l -2 0]^fR]{:ftI 
«LTV*4i feiSOEJ&JBTH:, HUES! 1 ©ftJSti, «J 
3 e *»£> 1 2 <, ST-T-$)So 

. [0015] &%mffi.Bmz-&, mzmmts a i 2 o 3 

[0 0 16] *4*iHBS8-ett, miBpSAlyGa^y 

GaN + tyT*!^ 1 x l 0 l8 / c m 3 W±© 5 F*E^J 
StnpSGaNJ>^^ h/f £;£$A,T-^3, 
[0 0 17] ifc *3SttU&« Ttt, iiusBrSteJltt, < 
t*lo©I n a G a ^jNi^Spl (0|agl) 

R*?#FJi0HK»J*£ftfc I n b G ai _ b N^- 'J 
7/1 (0^b<a^l) fcS^TV^S. 

[0 0 18] **wt:Ji5flb©afb3tf , J , >A3R<b^* 

wattfc £d * fcSfbtf 'J >> a jR<b£4fc*i*# u — f « 
Sf$)^T, RftJUSil&ii, RaHRCftiBfc^fTfcffi 

RJ&lfctft^cSn&InjGa^jNfSSJB (0|z 
gl) RSte«£&tf-*f©nSAl x Ga 1 _ x N* 
5'; I s Ji (O^x^l) £0 c pffiAlyGa 1 _ y N*5 
(OSyll) i:, «8iEftRJS 1 a«CjR?prs 

tztbco^m i ««t*f*s-r *Rin8B*#-r4««t»is(f* 

jgi:, *(i*T*0, R» 1 «8©*a&B*r*tt, RSB 

2fiHa©iB»a»f*j:o»<, mm i m®<D^%]Mffim 

i:RJB2f!ll«©*aJBJr*fc©a©l6iU^ 0. 0 03 

~0. 0 2fgJST-fe?3, ^©Ci:{z«t»3±i5g^7isile£ 

[0019] frhmmmx-i*, mwmmmmu.. 

nm<D&m&Z1?U miBpSAlyGa^yN^^f H 
S©«t>tJfJJ5)c#tlTt>S. 

[0 0 2 0] *S3WfiJKJSa-CO:, «H3*aE»¥«jfittx 
nlAl^Ga^Nl (0£ul£l) tpSAl u2 
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Oa 1 . u2 NJB (Ogu2gl) t^S^XH &, BuIBn 
EAl J ,Ga l _ x N*5y-l e Si:llM3pSiAlyGa 1 _ y N 
KJifc©H£»filS*ftT:J35, SnlAljGa 

[0021] $.5^j£^-c-tts wt&nvakvmMi&s 

JB©±K»JSfc*ixT#Ds KpfflAlyGaj-yN^^y 

its. 

.[oo2 2] hzmmmxa., mmmi^mmcDm 

#r*tt» «JEpSAl y Ga lTy N*5f KJKDWHtSSSfe 
[0 0 2 3] &5ltS£ff*<STBu ffilB«8K»**a©JB 

m^tmtimitmom^mtomtDmmit, o. 003 
~o. o'2S*-ca&a. 

[0 0 2 4] &3XflH&JBTtt, B<II2«»St^^«3iOS 
*r*tt, 8315 'J v i>ffl© p ffl A 1 y G a !-yN ^ 5 y H ■ 

[0025] zzmmzmxiz, mmnm&mmm&, 
[0026] azfrnmrnxit, *iiB«aafc**iJ6au 

AlcGa^cN (0|c|l) fcioTJIMSfrCO 
£>. 

[0 0 2 7] «IgBS%lfe9«»a, 

I^Ga^N (Ogd<l) 13 «fc:aTJ&J5dc£ftTH 

[0028] hzmmmmxiz, mtmrnt, sice 

J:-sTJKJ«*n-C*J&» §£Sfg©St®tt, (0 0 0 1) 
m±>e>mi<DM&T-[ 1 1 - 2 0 UT^«. 

&z>nmmmxit. mam 1 ©ajsau W3'*>& 1 2 0 

[0 0 2 9] &£XffiJ&ffi-?tt, «St§*S©'>£ < i: 
*fijK*04»oitfflaT*ff*©Al 2 
03JKk-,..*S«*© 4»© 1 Cfflar** £©T i 0 2 

BtfcfcJ:^Tfc/a*ft5 2JMiiii«, 'j>n<b.*>i-o& 
[0030] 3t>2>nm.fcmxi*, ttis§§is@©'>& < t 

»fijKfi©4»©ltffla"f4JSt*©'Al2 
Osfltfc, ftajSft©4»©lCffl^1"*»*©^-f+' 

^>KJSi:tc«fcoT8iJ£#tt£2Jf8i£A s s '>&<i:fc 

[0 0 3 1] *s»«i»»-Cia:, #ifiSifilIB©'J>fc < fc 

*fijftft©4»©ncfflarsj»*©sio 

2 Mi:. ^tp«*©4^©llct@^-rsi¥^©Ti0 2 Jig 
[0 0 3 2] fe6Sttfi»JBTH:» &J&8WS©'J>& < t 



$8««ft©4fl'© 1 KffllS"*"«J*£©S i O 

z mt. *is«ft©4^fflitiis-r4»*©*''f-^* 

[0 0 3 3] fcS*JW&ffiT«U hu§3A 1 2 0 3 SI^I>-T 
i0 2 HWU */W*C«fcDff2J5££nT03i!ul5S i0 2 

[0034] $>zmm¥>mxiz, mi&pm^yft hm 

©±{Cx P t SfcttPdC «fc-3TJlM£tiT^4pffl!l* 

* hJli:p«!lSffii:©K{r, nimtfif&i&gti-C^So 
[0 0 3 5] 

AIR{t£tt**f*U ^ SftJtf'JCA (G a N) ©G 

a ©-as* a ^(±±{** s fl!i©in&7cfSi cii^^n 

fllitts InsGa^N (0£s£l) St5 
Al t Ga H N (0^t|l) ft^#, =&«JESJ1^©— 
ffi# I*— hJR?«C«*»A6nfc**#^ ft© 
^$$^* s ^iD^nfe*i?f*4 ; fe^tf i fe)©t-r5o In s 
Gaj.jNMAltGai.tNtt, *tl*tl r I n G a 
Nj M" r AlGaNj £: & B&#p-f 3 „ 

[0036] *^oafb3tf u t?i±mt'&$Q*m*\'— 

[0 0 3 7] g-ffl^Stt, pS^7'^b'If*ii:, §§□ 
»**-T*nSMtaaiWifcl8:W"4o d©niMt«ES^ 
JI£IStt£Ci:tc:«fc-=>T, ?Si£JB©aW*3ftfc«ttK:* 
SS4«S(E*l*. nSMt«»Wift»W'4£i;K:J:-3 

2. * ©JB*r*SU\ 0. 003~0. 02 gfiCEl 

...C0 0 3 8] ±fBa#f*a*ojt5^a5tt2oa&*. 1 

Ott, pSA 1 GaN^^y FSOA li&fifijtJ: tJiSv^A 
lfflj«ft#f *AlGaNJB&nS!«aESftspJItffl^* 

Jl©B»T*±?>'J^<f3. S#r^Mftotf£ £,-5 lo 

yft$:V&iSl.X-g%£ : 5lz?2>o fiWitli, fSf4H(3ln a 
Ga^N (OSall) In a Ga 
i-aN/lJ; t>M> K^-vy 7"©'h$V> I nbGa^bN 

(0|a<bgl) »fe«8lE»VJBCJil^fttt«fc^. 

[0 0 3 9] ^OSSIt fSt4S©1S<£^< pS 
H«©TJCnaiaii«i:p-S!aaJB6l9:lti. - 
©nSaaJBSVpffiffljiJSSIftWSClkt A-pT. rS 
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gas&jB©B*r**iSfiJi©JB*T* J: *) <?&zt 

OJH«f*Mtt» ±IBi:|i]a&3E&T\ 0. 0 0 3-0. 
0 2SS©ISffl£$>£3.£:A s #£ 

[0040] mE.(D^mt. pi^7-y KJB©ajR*ft 

4NCn£!&&JI&fl9:l?*. 'J »y©JKattSttJBk:itL 

tztffititeM&x;- o. oo3-o. 0 2a J K©55HJ:: 

[0 0 4 1] ±Kaff*«ftoW-*#iStt2ofe3. 1 

ott, .pIAlGaNi'75' FJICA 1 tUt^" 1 A 
li^fiS^r^-t-S A 1 GaNgfcnSlM&llKfflV^ft* 
ZtlZX^X, nSUI&«©JH$r*fep3»*5* FJI© 

ajit/a^scifccj^T, aaitfu- if 

*««fc-5Cra. (SttieinjGanN (0 

$agl) ti^ia^C, In a Gai. a NIi!)^> 
K^f-fr I i^Ga^N (0ga<b^l) 

[0 0 4 2] £tz, ftSSfcLT© 5 ?-©£»*** 
U— y*?0«lffit, A 1 203 J f'S i 0 2 
S?©jyi2:, Ti0 2 -£**-l'-V ; &>K^©flll£fcZS5K2 
Ji«±«i3*&*JB*»*KW-*. Al 2 0 3 SVSi 
0 2 Jgtt, 1. 5gtf'©JH*r*ft*r6. Ti0 2 Sl>-^ 

«©4?>© 1 CffiMif iff***"*" *. 
[0 04 3] (SB 1 ©Xffi«£S) El 1 (a) HJlV 
(b) £#S3U&#e>, *ftWtJi**##U-1f«« 

©sg i ©iobj&js* Roars. 
[oo44] hi (a) i±, *msMte<o*m#.\s-y 

(a) KTf^nSi-Mw, SttSE102 (±tJSt§4S® 1 
0 2) RVWtmRl 0 3 (MfBSgWiS-l 0 3) ft**"*' 
KJIflliBffi 10U« fflWB 1 0 2&lF&Wa 10 3C 

»j5K*nfcftig»i 6 ot*m*.x^z. ftini 6 o 

HU ffiffiBl 1 6 0 a&tfftJHS 16 0bi:i ^TMS 

n-6. i/— yjttt, Suissi o 2A»?,istt5aj^ns. 

[0 04 5] ftfgg 1 6 0 ©BuJSSP 1 6 0 a I** ffMHS 
10 2CSf$nt, A l 2 0 3 XttS i 0 2 *>£>ffM£ 
ftTl*S»«tt«l 0 4 (ffS, 

zmmtmios ops, #}s?£ii©i/4*ig) 

"f*. ttJSiil 6 0©&J£gf5 1 6 Obli, %JN9 1 0 3 
A l 2 0 3 XttS i 0 2 {C«trpTff5fi)c^n 



T^SBSltftlJH 0 6SV1 0 8 (*#/«!I*S©l 
/4 8£) fc, T i 0 2 X(±^ > f "V-t > Kf- & -oXW>tfi 

*©l/4g*) i:**f5. 
[0 0 4 6] -J&tC JfcSftffllCBl 0 m-rsuJS® 1 0 2 

«t t» N gi$S 1 o 3t©s»^©^*^<-r?>^5* s s> 

5©Ts ±fE©«fc-5t3, SuiSSl 0 2\zSi\-i%mn.(*Vk 
©&£, 1 0 3 H&l? 5£§*f*BH©&«t 0 # < L 

[0 047] 01 (b)tt, ESI (a) ©ffi 1 B - 1 B 

(b) c^dnsidc, Sffil 1 2t. st&i 1 2© 

±K«H76nfc¥«**S*flM*l 5 Oh, $6#£«&B 
fe«SK'(IBfttt%) ftfl«&r*fc«>ffl-*f©«fiil 1 1 

2 lSffl*.T^5. 
[0 0 4 8] S4K1 1 2£bTli, (0 0 0 1) H*6 
[ 1 1 -2 0] J5frq|£3. 5flEgaE«**l,T^SnS{S. 
i CtffBV^HTV^. 

[ o o 4 9 ] tiTC ^mitmmmmfo 1 5 0 ©sussr 
b«bk Roars. 

[0 0 5 0] d©^f*«H«jt{* 15014, M 1 1 
2£i£l^ffi!ia»e>IB§£, nSAlN^y'77-Il 13 
(IP£, lOOnmHK), nSA l x Ga H Nf5 s> 
FJf (Ogxgl) 114 (J*£, 1 yumflJK) , I n 
jOa^NJSffil (Ogzgl) 115 (f?, 5 On 
mflJS) , pSAlyGax-yNJS 1 K« (0^y 

^ 1 ) 116 (MS* 0 . 2 jumgjK) , niA 1 U G 
a^NSJJp* (OSuS 1) 117 (/P?, 0. 1 p. 
mflJK) , plAl v Ga H N»2*7yHi (Ogv 
^ 1 ) 118 (n^A luGai-uNSS^^e 1 1 7± 
©^^T,'0~0. 5/imfifi) ( pSGaN^fyri 
1 1 9 (iP^, 0. 5Amfijg) , MpiGaN3> 

Ml 20 0P£, 0. 5 >umfl^ ; ^WSnWi 
flC,"*t|l x 1 0 18 /cm 3 tl±) fc£A.T?^5. ^*3, 
n!HJi©^tt«lJ:UTSi, pSlC^iLTMg 

SHSB 1 HJi 1 1 6*JtVpl!JB2 YM 1 1 
8 S:^T-V^4. 

[0 0 5 1] nSAljjGaj^N^^y Ki (0^x^ 
1) 1 1 4©Al©fflJ5Kitx*s**<«enHasg, A 
lGaN©oi^;i/^-^^-y7'tt^:#<^ti x JS$t^(± 
/J^ <W. nlAljjGa^N^^ v YM 1 1 4 ©A 
l©^fiJ5EJ±x(±, I n z G aj_ z NrSt4@ 1 1 5 © I nfcl 
ritltzHltotT^**. I n z Ga 1 _ 2 N«ttJI 1 1 5© 
I n©mfi£ttz(±, WB©ftiI»fifc:jfci:THS3*i 
5o LtzH^X. niAljjGaj.jNi'f'yFll 14 
©A l©|gJ5£itx(i s mS©^fSiSStlf5UT^»6n 
SdhtOSe*. *IBttft&4 1 Onm (JSfe) |:ti« 
z = 0. 15a«fc35eD» CilCJEbT» xttO. 
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ia>e>o. 2m m~?z, 

[0 0 5 2] nMUHSBUi iHIt In 
GaNStifl 1 5<DM1fciftitzW& (fclOWKST? 
tt, ftfiSJfcfrffifcBVa^K^;^©**) C*8t 
fcjfejp-f SfcifrOUHPSn 8 O^tv^. C©*h 
7-f rttlflPas 1 8 0©«(i, I/-1f«S©Wt* b'S 

8.0©Htt, 1 O/imgjST-S.5. piAl y G 

a !_ y N^ i^7vKiii6 ©-«au ggaeg 1 8 0 
c«ai/T^4. bbpwi 8 o ftjSiVnwmmwmm 

i33l£jf 1 1 7±C(±x pfiAlGaN«2*75' K/§ 

[0 0 5 3] pfGaN3>^^M120O±Sf: 
H\ pffi!l««Bl 2 1 (Ni/Au) tfJfcfiRSfW StSl 
1 2©SB£& nflHtSl 11 (Ti/Au) :W&« 

[0054] ^ia^os«t«*&[Hiss* > e.mfis 1 1 1 * j: 

V 1 2 1 E«E'a*-**. 6>fU 1 5 0 © 

4>&pfl!lSffil 2 1 ip £ nfliflKffi 1 1 l^kSafti'ifitft 
So z<D£2, SiSnSBBBBH 17 

mM^M^M^MM&m l l 7 ©M ©PSP&s 18 0S± 
*6T^Sl£ix5o cn£«fc-pT, SSSti, InGaNrS 
&M1 1 5©98P&S1 8 0 C#J6r*fiMM)**8Eft 
5. nSIBBi^ 1 1 7 siStt setter 
I nGaNSSi 1 1 5©3iR£ttfcSS«C*8£ 

«*-F©iw»3ftfcu-if«iBJb s £fc, 

[0 0 5 5] UTfc. 1/— tf7t* J rSft@03i^$nfe^ 

[0 0 5 6] E)2(±, 1 0 nm©^ffll-^h5 

*§£•©, A ljGajijjNOA l©JfijE£x, XVI n x G 
a !- x NO I nOUdcx k, A 1 X G a 1 . J NMI.n x G : 
a 1 - x N©SJT^i:©M^S^'f. |2 2l;:^£ftS«fc-5 

A l^a^N (ffiifcl®) £owc, AljjGa^ ! 
N©JB$M»tt» Al©i^fi)cx©ifiD(I^-3TM'J>-r5. 
— 2f, , I n x G ai_ x N (fl*i<2)) ©t§£\ In^Gaj-jj-, 
N©B»*tt, In©ffiJ«x©i8ao£(i£^TJfJOl-*. 
3©£k{3fi^T, *^B^T"(±s nSAl u Ga H N 
•SfcRsMl 1 7©Al©«J«u*, pSiAlyGaj.y 
NJSl^^y FJI1 1 6®AlOMy, XVpSAl 
v Ga 1 . v Ni2^5y KJB1 1 8 ©A 1 ©ififfcv J: t>* 

#<rs (u> y , v) cktcttK nmkmsi 1 7 

©S*r**„ Sl^5»; K/f 1 16 XVS 2*5 v HJi 
1 1 8©JS#r#«fct>'h£<.LT^3. 
[0 0 5 7] ±i2©J;-5t:, AloM&WtSCJ: 
fc J:bT, 1 17k. *l*7f K«l 16 

Xt/Sfl 2 * 7 v KJf 1 1 8 fcCBBK, S#r^©S* 5 ^lt 

e>ns 0 d©fc«>, raag&i 8 o©iiT©a57>©?stt® 

115a k, nSSAl'-uOa!-^**^ 



11 l 7©T#oG©r£{£Jf 115b (»21H«fi) t<D?S 

»V*ffljffifi5©JB©B3r*K«fc-3'£»;£*fta. Lfcrt 5 

^Mi s #i£1" St§-&k|l]4f K^ft);* -I k A S T- # So 
d©HJ5&E#T*M Anient, iSttJf 1 1 5 

So 

[0 0 5 8] I nGaNrSttB 1 1 5©^£&jS#T^SA 
nli, 8 0©«£*Hffli1*3. HDffil 8 0© 

fl#l~8,um§g©i§£, MPSP1 8 0©ifiT©a57> 
©?SteJfl 1 5 at, nSA luGai-uN^Sit^S 1 
1 7 ©T^gP©rSf4)i 115 bi:O^M$iA n 
(i, 0. 0 0 3~0. 0 2IIjS©icHt:feSCi:* 5 $f^ 
L^. InGaNiSttJIl 1 5rtC*^T, 0. 003 
~0. 0 2*tfi^t6H©fl3WS#r*^AnS:f#Sfc«>t;: 
l±, I nGaNStSJf 1 1 5E¥ff&;frftK:fcl;)-£e#r 

-Tfcfc>*>, nStfAluGai-uNSat&spJf 1 17 
k, piA lyGaj.yN^^ >y KJf 1 1 8, 116k© 

0. 0 0 3~0. 0 2?ia©S$T^JISraS(^n(S 

ci©s^M(±, 7tt3ittB^U75:«ta{r, cne>© 

i£igffcJl<£©A lCffifiJc (vu y) SS^Jtift^-rsc 
[0 0 5 9] 0 3tt, I nGaNfSISJllr^ff^^lq]© 

s^f^Mk, Ltv^^i«^i^ti:©M{^s^1"o 03^^^ 

nsJ;dt-, Sff^M^O. 0 2«t5^5i>k> ^^(ii!5 

[0 0 6 0] iBPSCl 8 0©$I, RXf. pSA l y Ga 
, J - y N9lil*7V HJB 1 16, piJAl- v jSa 1 _ v N»2 
KJ11 1 8tnlAl u Ga H Ntafl 1 1 
7k©S#f*MI£x Stt)itlSBl:a»6n«yfi©SSflE7> 
flJi&^-rs. c:©^k&#ia-rsks Hnffil 8 0© 
^2ummm, nSAluGaj-uNmSSR^JB 1 1 7 
©Al©$Ifi5ctfcuS0. 2 5fMK!&£1-5C:kA s $?g; 
b^. ^fc> ykvOlC'OV^tt, nSAljGaj.x 
y 1 1 4 ©A l©ffifi)cxkf5]l;< 0 . 151- 

■fSo 

[0061] ±ft<D£.?tmi&vmm£ntzpm*7 y 

h'JS (Al 0il5 Ga 0 85 N) 116, 118. S^'nSJ 
A l 0>25 Ga 0 .75N) 117ftffll>Sd 

a«T*7>*"c«sttJB©a»?*n*:««tHJi;a«)e»n 
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<, jR2©&^i/-tf#**fET*ss<b#'J ^A^b 

[0 0 6 2) *S*flflB«-ett, (0 0 0 1) BA»6 [1 
1-2 0] ^|rIC3. 5*8*H»LT^«S i C<tlf4 
gtE#ffl^e>;ftTV'>S. :nit Si CIC, 4S£Al 
G a N£A££fl(f 5 ,*&C, A 1 G a NIf a ©gI0 
JFfitt*AJJC1"SfcM>T*a. (0 0 0 1) ft^h 

#igf*&iijf©m®©¥S£#«fc<&s. #c m 
opi) y*^b«Sj ttt, (oooi) 1*6, ^ 

[0 0 6 3] 35t* % *H«^T-!i, 4«&£8itfffllt£> 

ntv^^ &t>^ (o o o i ) v^x hatESE^ 

[0 0 6 4) ^ mmm^mtLX, nSAl u Ga 
nOlt Q a N©»?fcttKiEO*?*Rft #•***© 

ec^t-is. znoi»*t-fe5, «*£> 

fcaafcHtSST, HBPSB 1 8 0 ©HT©rS&Jf 1 1 
5 a t. ««E»Vii©T*»©Sttl 115b i:©Str 
0. 0 0 3~0. 0 2g£©«5ffl£-f 5di:* s 
$?£.U><, ZnO©tt£>9J:\ U-tfjfcftRJR 

ssf^s^ot, «st«na»i 8 oizmnzx. 
[0 0 6 5] £e>tw, rStt/f* j e>©l'— tfit&pfijR-rs 

TlnaGai.jN (0<a<l) tfffiV^flia^, 
<T>mZ>*)^y H^rV«v7©'h$^I n b Gaj_ b N (0^ 
a<b|l) ftmaafcWBtfllnacfcCJ; sas 

»**©»«£& nffifc: -TSCIfcT* SffiS§8PgPl 8 
0C*«f*-*, ^fT-©«ffi©£A s ?)£«$iJT-§S. 

[0066] utc, **w©**»i/--ya«©ttis 

SI 6 0OfiW*Co^-c'lttW1-4. 

[0 0 6 7] H4tt, A1 2 0 3 I (JB«f*l . 65) S 
tfTi0 2 flg (S«T^2. 2) 4fflHTttfi81 6 OS 
»«**»£©, £tt*£tt«ttK©«$£©Hffi*ji% 

"f. ffiliSS 1 0 2 Ktt, Al 2 0 3 )i/Ti0 2 I(:j;5 



2/l#JfffijIA s Bl&£ftT^3. 1 0 3 t3f±, A 

l 2 0 3 I/T i 0 2 tt/A 1 2 0 3 IH/T i 0 2 Jft£.fci 4 

mm&t> i &i%2ftt^z>° *«©ff^tt, sag**© 4 

#®1 (A/ (4n) , A. nti!§S{«il© 

[0 0 6 8] H4C^Sn«J:-5i:, Al 2 0 3 I/Ti 
0 2 IK©2Jf ^JfHijg£«fc-3T\ mI^B10 2©SW^ 
tt, ft4 4%£TTRl±-f S. Al 2 0 3 Hil/T i 0 2 8H/ 
Al 2 0 3 Jg/Ti0 2 Jgt©4Jf«3I{C e k^-C, ^JSSl 

0 3K*lt*fi»*tt> ft6 4%£T-£rSl±-f £0 
[0 0 6 9] S5li, A 1 lO-JBUStVyj > Kfflt 
(C, JB»f*3. 0) *ffl^Tttfi«l 6 04»ja-r« 

*§£©, fiW*i:B8«#Bt©J?*i:©n«*^"J"« -© 

s^, Ai 2 o 3 K/csg©2Jif'effi3iiz«t-3T> iois 

HI 0 2<DRMm*. ft 6 5%*Tlft±**. Al 2 0 3 

h/cm/a 1 2 o 3 si/cjii© 4 ;i#Jie§>iiz «t 

&JSB1 0 3£:fett5£*t*fcJu ft 8 8%£T?K:Gl±r 
5. :©ut*6, Al 2 03JgtRV^-f^>KHI* 
^U5Ci:lCi^T, Al 2 0 3 JBL&l>*Ti0 2 J3l£ffl^ 

[0070] 06 Ji, Si O z m (JBSr* 1 . 45)S 
VT i 0 2 ffltfcffl^T«lBS 1 6 0 S:Mt5i^O> 
Slif*fcBSai*JK©if ?fc©H^*^1"i. 
S i 0 2 Jgl/T i 0 2 llt©2Ji^Ji«jatJ:oT, ffil*S 

1 0 2 0SI?*ttx «*) 5 4%ST-(6l±-r5o Si0 2 SH 
/T i 0 2 JK/S i 0 2 M/T i 0 2 JK© 4 Jl^JIIIt&C: 
A-3t, tffil 0 3fc*5tt*fiit*fck ft 7 6%£:& 

So 

[0 0 7 1 ] 0 7(i, SiO^Mf-i'tti'KIS: 
fflHTJtfflSl 6 0*JKjar*»^©» 

jK©JS£i:©H&£^?". zcom^t, sio 2 i/c 

ft7 2%T-$.t), S i 0 2 8I/CJ«/S i 0 2 JBI/CJ!JI© 
4e#-®«JiiZi^T, ^JSBl 0 3t*S{J-4RifJp 

ft 9 3 % t ^ So 
[0 0 7 2] A l 2 03©Sftf5!!?A s t fct'>©T\ Al 2 0 3 I 
O I/— f'"^t{3^<f't"5$^i4d s fStvTV'>So 
li?e>{l^ejf©ot^%S-C$>S©T\ ¥-i -V^ > 

y««©«IBISt:ft»r*^4:t:J:-3T» A1 2 0 3 

[0 0 7 3] WTC, H8 (a) ~ (c) £#!?3U&A S 

[0 0 7 4] 1118 (a) tt, f««©*S£- 
0 8 (a) t*U5«att, *^0^ 

±tjsfiffiji$:*-r5 («8it»vJi«eu) y« 

B©««E-3taj*We&j^r. ttctt. ttttWfcLT© 
«*©#*«: U — tf*tt©«8ft- Jtm*»tt & ^ 

[0075] 0913:, tt&mt LToee^oM^b*''; 0 
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AjRjMiwtu— &•»«©«« JtUt^jo 

J£ag{*U-1fgafcfc, H9C5*-rJ:^C» nISiCI 
I59 0 2±H V nlAlNM^77-19 0 3, nSiA 
lGaN^7V KJ19 0 4, I n G a NjSffiB 9 0 5 , 
pIAlGaN^?!!/ HJ19 0 6, pSGaN+tv7 
S9 0 9, pSGaN3>^^ M9 1 0, XVHDffl 
9 8 0 S i 0 2 J1 9 1 2 £*8B LfefltilfcH*. 

Tt*4. Si0 2 J19 1 2SVBBO»9 8 0H*ai/T 
^5pSGaN3>^^ bJf9 1 0©±Kfct, pfllSIS 
9 1 ltfM^ftTV^. S£9 0 2©X3£tt, nffl 

mm9 o ii s Msnti^. 

[0 0 7 6] I n 2 G a i_ z Nr§ttJf 9 0 5 © I n©£EL5£ 
tfcz£S;L?>c: «ii6StM(3 7 0n 

m, z = 0) A>e>fi (5 1 Onm, z = 0. 5) *T« 
<b$-e-S^.i;* s T-t5. iCD^(±, 01 (b) ilTfs^n 

x^i^-mfcis— $•«■©*£*: rat-eas. pSGa 

N^-fr\y7"®9 0 gMpSGaNnvi'^ M9 10 
tts pffl*MttiME*iS<1-5Ci:CJ:!K PWifiSk 
tf-s y*n>** hftJ&ritl/C^*. Si0 2 I9 1 
2B\ 7. h»-f:Ttt©IBP»9 8 0*»t>T:fe!K 
SIBPS5 9 8 OfCJfc^-f 5. 
[00 77] 18 (a) £jj*£ft5«fc-3fc, 
©*i*fl:U--irSE« (Ma) K«fc5^ itttfll©*** 

[0 0 7 8] H9t:35%ritttfi»S©OaN**SWtU— If 
^a©»jg-C-«;, Si0 2 I9 12'Ctat^h5'<^ 
#©ISPffl5 9 8 OCSfcVf 9 0 5C 

l/*V^fflHI«Etf*S<«t3. *fc v S£Ji9 0 5fc¥ff 

a»&^©-c, u— v%mm ©&ox h7^f rftcoma 

[0 0 7 9] **JIBB3BO*«W*i/— y*BCJ;Si:, 
I n G a Nrg^/l 1 1 5 ©ftftftVJi 1 1 7 ©PS 

^tt««E*/J»'*<"e**. Sfcs ££1 12©gStC¥ 
ff [qJfcfc^T, I n G a NfSteJf 1 1 5 
JH*f*iS*#'r40T» l/-1f3fc*Stt*©iKI?3ttfc 

[0 0 8 0] 0 8 (b) tt; *SttiaBSSlcJ:***#U 

ffa*iqit:*o-a3sa»*ft^-r. 08 (b) 

*J:-5t, *tt±ft 1 0S©#i$te£^-f3£Jg#*pa s f3 



-r. 

[0 0 8 1] 08 (c) (4, *fUfi»J8©^*»U— !f 

4 1 2 nmT-.fe t)>. FMBStt 
$0. 0 3nmT-$>?>o 
[0 0 8 2] KITC 010 (a) ~ (c) £#JBL«t 

OVPES) £/8^2>. 

[0 0 8 3] 010 (a) C5*rJ:-5t, nMS 

iCaStRl 1 2±CW^ nIAlN^y7 7-il 1 
3, niA 1 GaN^7'y Kl 1 1 4 N InGaNfSH 
®1 15, plAlGaNili'7-)' 

nmA i u g sn.^mmmmm 1 1 7^fi£*^i±*o 

[0 0 8 4] ttticl 1 2±l: N * h^-f^tt©* 

hv^^e^U 010 (b) i:f^n5iot:, 3i 
yf'-y^a&ST-, nSAl u Ga H Nta^H 1 7 
CHD8B1 8 OfcJBfiW*. ay^^jBSH:, PSA 
1 GaNM 1 ^7 y F/f 1 1 6 ©SB©— g&#§SPffl3 1 
8 0 UStil-f ££T-f?fc>n3o 

[0 0 8 5] SVMOVPEStiD, 010 

(c) C^nSi^i:, fitEl 1 2±C, PSA1G 
aNS2*7»»HS118, pIGaN+ti'T'Il 1 
9, ;RZ>"pS=>>*^ M12 OSrfiKS-TSo 

[0 0 8 6]g^i3> 0^ut^&o* s s pSn>^^ 
bJf 1 2 0±CpfflS®8il 2 1, nSS iClffil 1 2 
©SBKnfflllSfiil 1 l&J&fi&UT, -f* 5 ^ 

[0 0 8 7] U— tf^a©^®^, ftiiSf^Jg/jJc-T^af 

UA>U i«|ifi*©R«i*«ftJB«r*©SattJ: 
<v *fcflO?©*JfflH4J:<^J5R-r4fc:tt, 
ifi&tlX^i. X/^*-?£T-(4, Al 2 0 3 fO^-y 
v h*M4t:Ar©:7'7Xvfc*3gS-&s;:a:CJ:^T, 
$-}fy MJ»©^*fcfc*tB"**. C©fe«>, U-if 

^-iSSfflV^Tx I nGa A 1 PIF>©!?nfe^j¥f*U— If 
©iHiiitB««:«ft«J«-r-Ba^ ±f2©«t-5^y^- 
yiaotl/- tf^S©^* s S<^i>o — G a N 
0*8«©«ift£*N>-C, OaNJR*il?t*:S 

Al 2 0 3 IiMt#5. S i O z JI, Ti0 2 K*$J:V 

[0 0 8 8] (MS 2 ©fMfifl£!B) 0 1 1 Ltt** 
6, *ftWCJ:4**«:U--!f««©ffl2©3Wfi^SSfe 
^■rSo *5WfiJB® i:±t3MS 1 ©SHEJBffifcCi&ffl 
3S^(4> Sfilll 2i:L-CAl 2 0 3 * s ffl^e,tLT^S 
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[0 0 8 9] S1S1 1 1 2 b. LT«V>£ft3A l 3 0 2 tt 
IfitHifcfflT, nWtffil 1 1 1 £«f Sfci&Kli, 
Ell Ifc^n5i-5K, gflPS&l 8 Ot?tltiL/t^% 
V>gB#©nSA 1 GaN*5 * bJf 1 1 1 4J&tf-€©± 
©/!£> niA 1 GaN»5 f }«■ 1 1 1 4©-«a 5 B 

*W8U^JB©na!A10aN^7y FJil 1 1 4tt, 2 

nlAlGaNi'7y KJf 1 1 1 4©R3tt» ljumg 
JKT-a&S. nlAl GaN^7-; KJB .1 1 1 4©HtB£f! 
±C, nffllW&l 1 1 1 im&ZtiX\**. 

coo 9 0] aft*, asm 2±©;w7t-jii 1 
*©*$**■*-$. 

[0 0 9 1] #HJIBI53BK:*^T SB 1 onffixmt 
H«C, PflPgiU 8 OWofenfflAljOa^Ntai 
»Wil 1 7ftRft*£4:fc:J:r3T» InGaNSfti 

«. £©fflSr*Stt, *l©SOIBB3IBlfa^fca*i:BI 
aHWSfc-Cs 0. 0 0 3~0. 0 2g£©?SH£$&:: 

[0 0 9 2] WlORWCtt, JP£ 5 0 nmgjg© I n 

g aLHm&m&m^htifztK mm onmiacoin 

G a N1£J?$ 5 0 nmSSOA 1 G aNIt^fc* 

fcgKTIf 5^fci ! t-§5. 21tU:OInGa 
NJfi:, InGaN»©IWfcff£l 0nmg*©AlG 
aN»fc*r5#M*#F«tt»ftfli^Ttu *»W 

[0 0 9 3] u-if«H©Kfc: jfc*«S J: Oitt* 

mztztzmz, fiHayso±TK» rsttisr^tri^^ 

-^©AlxGa^N (0£x£l) K/f fci&ttT 

[0 0 9 4] * fc, W±OWWett, pfll«& 121k 
piGaN^y^^ hJf 1 2 0 £:©»£, {£J££t©;f- 

*h!12 0©p3!7tt99ilA& 1.x 1 0 18 /cm 3 a 
ICLL GaNiDx^M-^tyT'O'J^Mn 
GaN^USCtia^T, ±E*-5y*3>^^ 

hffitaSJBR-rifci&K, p £>TO6ttriRA& 1 

[0 0 9 5] (fff 3 ©Xtfg&JS) HI 1 2 fe#JB LfcA* 

[0 0 9 6] 0i2ij; *MitiMi&<D#m#i'-ir&a. 

©«aft«3«fl9K^r. C©4Mg{*> — tfttBHU 01 



2ti^^n5J:-5(;s tt«l l 2 i:, Sffil l 2©_h!i 
|ftW6fifc*»»«««ifi*l 2 5 0 k, »3tlC4e.|l«e 
*S& (fBftStft) 6tt*&-r5fc«>©-*f©«Sil 1 1* 
X.V1 2 1 fcd*TH3 v . 

[0 0 9 7]iffill2i:ltlt (0 00 1) H*6 
[1 1-20] Ml:3. 5fl£«iStt«L"C^anSS 
i CtffllH&ftTH*. 

[0 0 9 8] tHFC, ¥3?f*8l/f 8t£(* 1 2 5 0 ©|ge£ 

[0 0 9 9] C©*aff*«/f fliiigf* 1 2 5 0 tt, . »t5 1 
1 2lCi£lMR0A»£JI|l#C, Jf 1 1 

3 OPS, lOOnmfijg), i;»yi 2 8 06*t5 
nfiAl x Ga 1 ^Ni'7S'l s i (0|x|l) 12 14 

012, 1 /imgS) , U y 5> 1 2 8 0±HffM£n£ 
I r^Ga^NrSteJf (Ogzgl) 1215 0P£, 
5 0nmlg), InGaNrSttJIl 2 1 5±£ffM£ 
flfeplA lyGaj-yN^ 1 <75 v YM (0£y£l) 
12 16 (JPS* 2 0 0 nmgflE) , U vSM 2 8 0© 

mMz&f&ztitcnviiikmffim. 1 2 1 7ie«if*.T^s. 

•SSJfc^Siji 1 2 1 7MPSA l y Ga 1 _ y NJB 1*5 
s» HJB 1 2 1 6©±C*&C, p!Al v Ga,. v N^2 
i'JvHi (Olv^l) 12 18 (M-£. 0. 5//m 
IMS) , paOaN+tiy^i 1 1 9 (»£, 0.2// 
mSfi) v MpSGaN3>^^M120 (JP£, 

0 . 1 /zmgjg ; *FVi<tom&s ftlxlO 18 /c m 3 JjA 
±) tfiB&ZtLX^Z, nlBOTO*tl/tS 

fl8©pffl*5 v FJBHU ±I2pS!g 1 1 2 1 

6*J:W t pS»jB2*5s» Hi 1 2 1 8£^XT-^5o 
[0100] pSGaNr3>**hJfl 2 0©±B£ 
<2, pfflttSl 2 1 (Ni/Au) 0*JBfi!t#*U 1 

1 2©g®iCt±, nffiftt&l 11 (Ti/Au) ifiBtit 

[0 10 1] nSAij(Ga H N^7y YM (0^x< 
1) 1 2 1 4©Al©«aj58Jtx*«7C*<ftnttSe5gs 
A 1 GaNCDi*;^-^* yftttt < £ t>, S*t^ 
fc£'J*£ <&5. nSAl x Ga H N^.7'>KIl 2 14 
©Al©fflfiMfcxtt, I n z Ga 1 _ z NrS+4ii 1 2 1 5© 
In©»fi8JtzfC*Sl;TSft**c In z Ga 1 _ z NfStt® 
12 1 5©InC!)«zlt Hfflffl*ffi**t:jE5bT 
IE§i*ft5o Lfci^T, nlAljjGaj.jN^?-^- 
1121 4 ©A l©ffljsJtitxHU BrfloS&ffiifcJIKffiU. 
■CftJa&ixSwfct**. #g}Ii£:K£4 1 0 nm (» 
tS) C z = 0. i5e«k«elK uWc^l;' 
Tn xttO. 13^60. 2fiflECt5. 
[0102] iy v 1 2 8 0 (2, ttJgflll^fqJtCSU^ 
*h5-f 7ttfc#-3T#?K l^lO/imffilOBm, 
*5J:V0. 7 5it£inSfl[03«*hfe#-r«. 
[0 10 3] tdit&spMia 1 2 1 712, plA 1 U G a 
l- u NiaS (0 gu< 1 ) 12 17a (m$* 0 . 2 
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5,umgJt) kniStAlyOaj-vNaaJI (O^vg 
1) 1217b (JP£, 0. 5/zmgg) tZ^AsX-^ 
3. *9Ett¥jt£l 2 1 7CJ:-3T, InGa 
NrS£Jf 1 2 1 5K»jS&-r**8 (#HS©&<§tMi, ft 

[0104] £ £, if&Ji 1 2 1 7 aXV 1 2 1 7 b * 
»jar*AlGaN©JB*T*ftInG'aN»ttJil 2 1 . 
5©fi#r*J:D'.bS<TS. 9^Wk*.&k* InGaN 

m&m 1215 ©a®^- 3 F^T^^RIt-*<' > "C^ i n g a 

NfStt® 12 15 fc«r¥fl5«tttt» » 1 «* ( I nG 

-a Nfg^ 1215 mm &vmm 1 ««&*©» 2 « 

(«S2Jf l 2 1 7aMl 2 i.7bfc£tr««) £W 

3. CICCfcK.t-p-t, SM^«iil 217iInG 
aNSItil 2 1 5fc©HKJBHfr*«An g 

$|Antt, U 1 2 8 0©*Im4 4>^jaLT8SSf 
3. U y y 1 2 8 0©tlm£ 1 ~ 6 ju-mg£©»£\ W 
±©*JB^*TSli^fc3l*4:BI««:a4tf, InGaN 
rSttJf 12 15 i:*Sitifcs£t?§& 12 17 i:©^©S«T^ 
linll 0. 0 0 3^0. 0 2SS©IEfflt-feS^i: 

[0105] Uy^l 2 8 0©fim, XV* InGaN 
*S£Jf 12 15 fcS&Jf 12 17a, 1217bh©S 
WMStt* I nGaNiSttJf 1 2 1 5 KM b&«>6ft3 
#©atflMM»*!iteer*o C©di:£%j5i:-f 
yi 2 80©Bm42>umSS, plAl u Ga H Nl 
am 12 17 ai'iVnlA 1 V G a !_ v NiI&JI 1 2 1 
7b©Al»5Mfcftu = v=0. 0 sust-rac 
JfSUIr>. pIAlyGa^NIl^^fKIl 
:2 16©Al©My, ^JlVpfflAlvGa^NJBa 
*5»Kf 12 180AlO«J«vtt» nSAlijOa 
H N^7y>-ll 2 1 4©Al©ffiE£xi:|p]LX, 
0. 1 :-5g*fcRi6**. 

[0 10 6] ±K©J:3CllJa*«81" ; &£i:K:J:-3 
,-C,Sttil2 15 (In 0il5 Ga 0>85 N) ^S&Jfi. 
1217a, 1 2 1 7 b (A l 0i05 Ga 0i95 N) fc©H 
(3, 0. 0 0 8g*©fl«f*SAnaWI*&ftS. d© 
fcifc U— yjfctt, ?S£J1 1 2 1 5KJpff«c»lqlC*IJ 

ssjf^ffCAoT* fstsai 2 1 5©aiR*na:« 
[0107] fcsofijfcffiTett. (oooi) ®*e> [ 1 

1-2 0] 2ffi|fc:3. SflEgflEttfll/Tl^S iCfflS 
GaNSiJiifSi^l;, A 1 G aNriJl©!?®© 

^att^^ffic-rsttoT-fes. (oooi) ^t^h 



# % ^^SJi©8@© I ptSt4* s «t<^?>o f$ic, <ti 

$4*sg#3,ga>e, 1 2 «g«s ?©«***« £ffl<^*-£ 
j:cj:t>T* at«±ic»j«*n5**#«sflJi©as© 

[0108] a*, **jfiJKJB"Ctt, fcs?4»f£* s ffl^e> 
ftt^si^ *>%hh (oooi) y^^hasiRSffl'^ 

[0 10 9] WTt, 01 3 (a) ~ (d) 6#IL& 
#e>, HI 2©*i»tfU--yS!#©»a*a5*BiM"*" 
5, 4i«tteAB©l£jtl3, MOVPEiS^S. 

[0 1 10] if, 013 (a) iz^-rxoiz, nIS 
i CS4K1 1 2±tW«, nIAlN/^'j'77-11 1 
3, nIAlGaN^7«;K112 14, InGaNiS 
&M 12 15, RVpQAl GaN^l KJI 1 2 

1 6fcrit*S**. 

[Ollll^Hv SKI 1 2©RB©±ffiC% SiO 
2 ISS^o S i "0 2 K** h5-f7*tttJ«JB 

U * h 1 3 3 0 01 3 

(b) K5**ix4J:-5t» nlAl 
GaN^7"> h'Jl 12 1 4 SV'tOlO^ftB S:, n 
MA 1 GaN^5 v Kl 1 2 1 4©— SI5#SUit* £> * 

2 8 0#ffM£*x£o nIA 1 GaN^7f KJf 1 2 1 
4©iy^->^l»**ft*JIIStt, nIAlGaNi-7 
y KJI1 2 1 4J1©JS£ (ftlyum) ©*£«£* tft 

W0. 5Amtg5, COUCft^T, InG 
aNt£tt»l 2 15tt, ^OltM^ntpSAlG 
aN|1^7'yh-I12 1 6{Ci^T, Xg+tje^S 

[0 11 2] SVMOVPE^l:i^ El 1 3 

(c) Ki5*#nSi-5t» StSl 1 2±K, plAl u 
G a i-uNSiiS 1217a, ngJ A 1 G a NS&Jf 1 
2 1 7bSfiEft^5, C©t§£\ S i 0 2 I1 3 3 0 
±£li, ttftttfifcilUfc^. *©», Si0 2 ll 3 3 

[0113] mi 3 (d) iz^-rx^iz, sisi 

1 2±H, pSA lGaN^2i?5 y/.Kffi 1 2 1 8, p 
SGaN^ty7'll 1 9, SI>'pS3>^^ Ml 1 2 

oft^ft-rs. 

[0 114] 0^LTI>&V>* S , pSs!'** 

M120 ICpffllta 12 1, nSSi C£tK 1 1 2 
QXBCnfltSl 1 1 SMUt> *SSf*U— FSB? 

[0115] (jg 4 ©StlfiJBJB) 0 1 4 t#SLft4« 

.e>, Xftwiz ct tfttB©* 4 (onm>mz 

XtKl 4 1 2£LTAl 2 0 3 * s ffll>£>ftTU£ 
[0116] SIS 1 4 1 2 i: LTffl^e>n5 A l 2 0 3 Ji 
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t&m&ttox. nwmm 1411 ^A-tnttbiztts 

mi 4iZ7n$tl^Xo\,Z, 'J 1 2 8 OlZttfcLX^ 

&^SS#©nSAlGaN*7-;' YM 1 4 1 

±©S£, nSAlGaN*^* FJf 1 4 1 4©— SB* 5 

«ar**^ ajResjc*s/?->yi»*-i-4. -©£ 

ft, *«BBiOnSAlOaN*7S' FH4 14 

$n5nSAl GaN*7« KS 1 4 1 4©§S£fcfc> 1 
Atmg*"e»4o nIAlGaN^5'Vh'fl4 140 

sttia5±^s nwnmi 4 1 nwejasntna. 

[0 117] &i>\ MSI 4 1 210)^^77-1 1 4 
.1314, GaNt:J:^tM$nt*0> lOOnmg 

co 1 i s] *nmzmz*i^xt>, mzommmmx 

BMSb&SafcRM&SaT, InGaNSUll 2 1 
5 A 1 G a N«&S 12 17 aM 1 2 1 7 b fc© 
HC, 0. 0 0 3~0. 0 2gK©3gB©jg#r^M#fl- 

[0119] (£5 CDSfflfflgJB) -WTC* H 1 5 

[0120] in 1 5 tt» *nmm(D*m<*i'— y *« 

©«3Bt«tSCWC5x1-o d©4Mg{*U— tf^Bli, 01 
5{3^$n5«t-5t, StEl 12h Xfill 2©±C 

i 5 5 0 ftittv:&m* 

mm (nmmm) sr«*&-rsttocD-«©s@i 1 1* 

XVI 2 1 ft«ATV>4. 

[0 12 1.]Sffill2i:LTIi, (000 1) E*e> 
[1 1-2 0] £|RlC3. 5flESK«»l/T^3n8lS 
i Cj&s/ai^&flTHi. 

[0 12 2] ttTC, #ig<*«Ji*?iiItt 1 5 5 0©*8/# 

[0123] C4>*«tt&JlflS£tt 15.50 tt, S« 1 
1 2 {ZjSOfllja 1 nSA S 1 1 

3 0P£, lOOnmSS) , niAl x Ga H N^7 
!/KI (Oixil) i 1 4 (JS$, ljumSft) , I 
n z G ai _ z NSt4g (0<z^l) 115 .50 
nmgfiC) , pSAlyGaj.yN^^^ (Ogyi 
1) 1516 (ma> lAtmg*), nIAl u Ga H 
NSiiJf (OSiftVJI, Ogugl) 1517 (Ogu 
1/imSfi) , pSGaN*i's»7'Jil 
1 9 (JP£, 0. 5/zmfijK) , MpSGaN3>^ 
* hgl 2 0 (JP£, 0. 5/zmg£ ;^fc6t)«;g, 
«f)lxi0 18 /cm%J:) S^TV^, nS 

[0 12 4] nSAljjGa^N^?^ FJf (0|x| 
1) l l"4©Al©*a«itxj&«:*a<fcntt«E«g, A 

'h£<&3. nMAlGaN{-7^ h'/l 1 1 4 ©A 1© 



'fflfiStfcxIi, In I Ga 1 . z N}gffilll50InOfi* 
■JtztfcfcTifeSS. InjGa^NSffiil 1 5©I 

n©*I/jSitfczli, BfSS©«iS*fttJ©tTHS£ft5. 

Lfc* s ^T, nfiAlGaN^SfKf 1 UfflAl© 

fc*. «tB«ft*4 1 Onm (Kfi) fTS*!^ z = 

o. i5g*fcfc!K cnicfS&T* xi±o. i*»e> 

0. 2gS(3-T5o 

[0 12 5] pIAl GaN*7 y YfB 1 5 1 6ti, & 
&&&Jjfa£RV*Z 7tt© ij y S^ffl 1 5 8 0 S 
'J y^gCl 5 8 0©j£iai±I nGaNSftii 1 
1 5K«LTV>fc^. nSAlGaNliifl 5 1 7 
l±, U s»ySf 1 5 8 0<DnQHZMs&.£tlX^Z>. 'J v*s 
gi5 1 5 8 0©*§«, I/— IfftJB©**- KSMB-TSJ: 
ec»t*ftl. #*1HB!RTH:, 'J yaffil 5 8 0© 
JU4, 1j&»5> 1 O/zmgiTCifetK 'Jv^»1 5 8 0© 
16$ 14, 0. 7 5Atmgjrefc4, 

[0126] pSGaNav** hJBl 2 0±fctt, P 

mil 2 1 (Ni/Au) asi 1 2© 

SBQCtt* nffitSl 11 (Ti/Au) 
[0 12 7] ^H5*©«*0«&lH]IS*»e>«ffil 1 

v i 2 i h^ee* 5 ^* e>n, 1550 

®4"£p{PJ]*tsil 2 1 4»*>n«!lSfii 1 1 1 ^ti^iSrt 5 ^ 
n5, d©£:£, SsStlinMAl GaNil&Jl 15 17 

S A 1 G a N >7 v v YM 1 5 1 6 © ') y 1 5 8 0$: 
±ii»e>T^SEnSo CftKJ^T, Saftli, InGaN 
?£<t£Jf 1 1 5 © U y ^§5 1 5 8 0 fcfcfoSI" S6B# ( U y 
i^gPl 5 8 0©iSTt{3iB?"5g|3#) ©^£Sfttl6o ± 
!3*/acJ:-3Tx InGaNiSffill 1 5©5iiR£ftfe 

[0 12 8] nSAluGai-uNSjiS 1 5 1 7©Al 
©*aJ5!cu£, pffiAlyGa^Nf?* KJB 1 5 1 6© 
A KMBfiSy J: (u>y) dktCtD, n 
SA 1 GaNS&Jf 1 5 1 7©S#f*£> pSAlGa 
y YM 1 5 1 6 ©Jg#fs£<fc < LTV>So C 
©«t-5lc, A l©«ja*ffJ»-f 5£ tia^t, InG 
aNrStt^l 1 5t¥ff«e*lRlt:*v^Tx S?f^©SA s 
<<J-|te>nS. Z<DTztb* ') y^gfl 1 5 8 0©iET©gC?3- 
©?Stt® 115ai, nIA 1 GaNil&Jl 15 17© 
T^SP©rStte l l 5 b fcOMK, Stf&m (rSttil© 

n%jmifT*m) Antfita. ^©^s^T^SAniz 

«toT, fSSJIl 1 5l:^fT^^(P)l:7t* s fflbjift6 

[0 12 9] I nGaNrSfiJl 1 1 5 ©H£&J3#t2£S A 
nl±, 'J y^gG 1 5 8 0©*itc4)g8{S-f4o 'J yaffil 
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5 8 0©*g#l~6>umfl«©t§£, 'Jy^851580 
OilTOgP^OfStt^ 1 1 5 a ts nSlAlGaNS& 
Jf 1 5 1 7©T#ffl©«SB 115b 2:(Z)$as#r*£ 
Anfct, 0. 0 0 3~0. 0.2SS©®H^fe-5Ci:* s 
L^. S*t^S* s 0 . 0 2«fct>ii5ui:, *?Ht*5* 

0 0 3«tt)f£^i:x 3fettl nGaNiSSIl 1 5 ©MS 
■f*JIK:i/*«U InGaNJSttJIl 1 SrtfctfS&C 

[0 13 0] y 5 8 0©i, MpIAlGa 

Jtf*7«y FJf 1 5 1 6i:nSAlGaNaiiBl 5 17 

ftfcfcr*. £©Cfcft»r*i:» UyS>ffll580 
©|gS2/imgg, nSSAluOa^uNSaJil 5 17 
©Al©j§Jj)cltu£0. 2 5ffli£1Bi£r 

pSA lyGaj.yNi' 7»; Hi 1 5 1 6© 
A l©if§fi£y©ffil±, nlAlGaN^vf Hil 14 
©A 1©I&J5£x£:|d]D< 0 . 15K-T5. -©ioCffl 

fccj^x, pS*7*kji (ai 0>15 

Ga 0 85 N) 15 16k, nIA 1 G a ( A 

1 0.25 Ga 0.75 N) 15 17i:©iafc, 0. 0 0 8©I 

t&4&£fts©T\ j'>^i' : E-Ht« Ltv\fam^A s 
[0131] **«s««Tftt, (oooi) ®*>e> [ i 

l-2 0]»fflK3. 5flES*«*H/TV^*SiC«« 

G a NflUftitS AlGaNfiSCSI© 

3patt*A»c-f*fc»ifs&*. (oooi) y*^> 
S{fi£fl3v>3t§<&Kl±^-C, ttf5tatEftJ§v**«6©# 
^{*fgill©SI®©¥il&a s J:<fc5. ttC jtl 
$4£l£a s 3ffiA»?> 1 2«Stf *"C©*MMtlg*fli^*;i 

sfi^fflv^n-cv^*^ 4>*>5A, (o o o n 

[0132] * jfc, «Sit&S£Jf (S&J1 1517) tL 
T, nSU 1 G a N©ftfr t>tC> Z nOJi£fflV>5-2: 
*T*«. ZnOli, GaN©tt?*Rt:5E^»?*» 

D, ?6 CfStt»T*flEt 5 feU -tfjfcft KURT? * * 
©T\ fSttJB©¥ff«e*fiHc*afl9tfl«f**fto«-4 
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